The aim of this study was to determine the percentage of voids, gutta-percha and root canal sealer using 4 different filling techniques. Fifty-two extracted maxillary lateral incisors were prepared using the crown-down pressureless technique. The teeth were randomly divided in 4 groups (n=13): Lateral compaction (LC), Tagger's hybrid (TH), MicroSeal (MS) and GuttaFlow (GF) techniques. Horizontal cross-sections were made at the 2, 10 and 15 mm levels from the apex. Digital images of the root canal areas were acquired using a stereomicroscope and examined using the Image Tool 3.0 software. Statistical analysis was performed using the Kruskal-Wallis test (α=0.05). In general, a significant decrease in the gutta-percha filled area and increase of sealer area were observed at the apical level for all the evaluated techniques (p<0.05). With regard to the presence of voids, no significant difference was found. MS and TH techniques showed a larger gutta-percha filled area than LC and GF techniques at the coronal and middle third level (p<0.05). From the results of the present study, it may be concluded that the gutta-percha filled area of fillings decrease at the apical level, regardless of the filling technique used.
INTRODUCTION
Gutta-percha and sealer are frequently used during conventional root canal filling procedures. It has been reported that some sealers shrink upon setting whilst others are susceptible to dissolution in contact with tissue fluids (1) . The root canal filling should provide the maximum possible amount of gutta-percha with minimal amount of sealer (2) . There are several techniques to fill the root canals, all of them claiming to offer a tridimensional seal with a low degree of toxicity to the periapical tissues.
Callahan (3) proposed the cold lateral compaction technique, which involves placing auxiliary gutta-percha points laterally to a master point sealed in the root canal.
Lateral compaction is the obturation technique most
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widely taught in dental schools and used by practitioners, and it is still the standard to which all other techniques are compared. Alternative techniques using thermal or frictional heat to plasticize the gutta-percha have been introduced, allowing for its better adaptation to canal walls with higher degree of homogeneity (4) . In 1980, John T. McSpadden proposed the thermomechanical compaction technique (5) . In this technique, the use of McSpadden's compactors produces friction between the gutta-percha and the internal walls of the root canal, leading to the thermoplastification of gutta-percha. Unfortunately, this procedure can produce the extrusion of filling material toward the apical third. In order to avoid this problem, Tagger (6) compaction of the apical third of the root canal.
Another technique of thermoplastification of gutta-percha is the MicroSeal System (Analytic, Glendora, CA, USA). This technique uses a master guttapercha point (MicroFlow, Analytic) and heated guttapercha placed in cartridges inserted into the root canal using a syringe (7) . In 2004, Coltène/Whaledent Inc. (Cuyahoga Falls, Altstatten, Switzerland) introduced a cold, flowable, self-curing filling material for root canals that combine gutta-percha and sealer into one injectable system (GuttaFlow). The sealer contains gutta-percha in particle form combined with a polydimethylsiloxanebased sealer (8) GuttaFlow has shown good adaptability to root canal walls (9) . However, there are few studies comparing GuttaFlow with other techniques with regard to the contents of filling, measuring the gutta-percha filled area.
The purpose of this study was to evaluate the root canal filling measuring the percentage of guttapercha, sealer and voids using the lateral compaction, the Tagger's hybrid, MicroSeal and GuttaFlow techniques.
MATERIAL AND METHODS
Fifty-two maxillary lateral incisors with single straight canals that had anatomical diameter corresponding to a size 20 K file were selected for this study. The teeth were randomly divided into 4 groups according to the filling technique (n=13): Lateral Compaction, Tagger's hybrid, MicroSeal and GuttaFlow.
Conventional pulp chamber access was performed using high-speed burs. The root canal length was determined by introducing a size 15 K file until it was visible at the apex. The working length was determined by subtracting 1 mm from the total root canal length. The root canals were cleaned and shaped using the crown-down pressureless technique (10) . Gates Glidden burs were used in the middle and coronal thirds and K files were used in a crown down pressureless sequence until the apical diameter of a size 40 K file was reached. During the instrumentation procedures, 2 mL of 2% NaOCl solution was used before each file. All specimens received a final flush of 2 mL of 17% EDTA for 3 min and 5 mL of saline solution. Then, the root canals were dried with sterile paper points and obturated by the same operator, following manufacturer's instructions. Sealer 26 (Dentsply Ind. e Com. Ltda., Petrópolis, RJ, Brazil) was used, except for the GuttaFlow group.
Lateral Compaction Group: A size 40 master gutta-percha point (Dentsply Maillefer, Ballaigues, Switzerland) was fitted at the working length. The root canals were filled with the LC technique using a size B endodontic finger spreader (Dentsply Maillefer) inserted 2-3 mm short of the working length, and 7-10 accessory gutta-percha points size 20 with .02 taper (Dentsply Maillefer) were used until the entire length of the root canal was filled.
Tagger's hybrid Group: A size 40 master guttapercha point (Dentsply Maillefer) was introduced into the root canal at the working length. Lateral compaction was performed using a spreader and 4 auxiliary guttapercha points (Dentsply Maillefer) to obturate the apical 5 mm of the root canal. Thermomechanical compaction was performed with a size 45 gutta-percha stainless compactor (Gutta condenser; Dentsply Maillefer). Rotation of the compactor was started at 8,000 rpm. The plugger was carried apically up to 5 mm from the apical stop and slowly removed. After approximately 2 s, the compactor was removed slowly whilst being pushed softly against one side of the canal.
MicroSeal Group: Root canals were filled using a modified technique of the MicroSeal system (Analytic) (7) . The first step of the procedure was the selection of the size 40 master gutta-percha point (Dentsply Maillefer) and its adjustment to achieve tug-back, 0.5 to 1 mm short of the working length. The sealer was placed into the canal with the master point and the sealer-coated master gutta-percha point was seated. A size B endodontic finger spreader (Dentsply Maillefer) was inserted along the master point at the appropriate length for compaction. Initial lateral compaction was done with two size 20, .02 taper accessory points (Dentsply Maillefer). The spreader was reinserted and an appropriate nickeltitanium compactor was coated with a uniform layer of material of the heated gutta-percha cartridge (Analytic) based on the manufacturer's instruction. A coated guttapercha compactor was then carried immediately to the void previously created in the canal by the spreader and placed as close to the working length as possible. With the application of a resisting force to the compactor's backing-out motion but without any apical pressure, the rotation of the compactor began at a speed of 5,000 rpm (7) . After approximately 2 s, the compactor was removed slowly whilst being pushed softly against one side of the canal. Rotation did not stop until the compactor was removed from the canal. Mild pressure was then applied in apical direction (vertical compaction) with a hand plugger, followed by a reinsertion of the spreader. If the first step did not fill the canal completely, the compactor was coated with a further increment of alpha-phase gutta-percha and the procedure repeated.
GuttaFlow Group: The activated capsule was mixed for 30 s in a triturator. The tip of the GuttaFlow device was introduced into the root canal 3 mm short of the working length, and GuttaFlow was inserted. The size 40 master gutta-percha point (Dentsply Maillefer) was coated with GuttaFlow and inserted to the working length. By pressing the master gutta-percha point laterally, the tip of the device was inserted again into the canal to seal the backfill space.
Excess of gutta-percha was removed by using a heated plugger. Vertical compaction was performed with a hand plugger at the level of the root canal orifice for all groups. The specimens were kept for 72 h at 37°C and 100% humidity to allow the sealers to set completely. Three horizontal sections were made at 2, 10 and 15 mm levels from the anatomical apex using a 0.3 mm Isomet saw (Buehler, Lake Bluff, IL, USA) totalizing 156 sections of 52 teeth. Then, digital images of the sections were acquired using a stereomicroscope Leica MZ6 (Leica Microsystems, Wetzlar, Germany). Image analysis and measurements were performed by using Image Tool 3.0 (UTHSCSA, TX, USA), through outlined of the area, in mm2, corresponding to the root canal, sealer and gutta-percha (Fig. 1) . Statistical analysis was done by the non-parametric Kruskal-Wallis and Miller tests (α=0.05).
RESULTS
No significant differences (p>0.05) were found between the total areas of the apical third for techniques. The mean percentage areas of gutta-percha, sealer and voids are shown in Tables 1-3 . In all groups, at the apical level, it was observed a decreased of the percentage area of gutta-percha and an increase of sealer, with significant difference (p<0.05) among the groups. The percentage of voids area was significantly inferior (p<0.05) in comparison to the sealer area in the apical third. At this same level, considering the presence of voids, there was no significant difference (p>0.05) among the techniques.
MicroSeal and Tagger's Hybrid showed higher percentage of gutta-percha at the coronal and middle thirds than GuttaFlow and lateral compaction. The GuttaFlow technique showed an increment of voids at the coronal third in comparison to the other groups (p<0.05). It was not observed significant difference among the groups considering the gutta-percha mean percentage area at the apical level.
DISCUSSION
T h e g o a l o f t h e endodontic treatment is to clean, shape and fill the root canal space thoroughly to prevent apical or coronal leakage (4). Many obturation techniques have been developed to obtain a complete root canal filling. For comparative purposes, the composition of the root filling techniques have been evaluated by achieving the percentage area of gutta-percha, sealer and voids (11, 12) . In the present study, lateral incisors were used in attempt to avoid the presence of isthmus or flattening areas, commonly found in molars and mandibular incisors (13) . Moreover, the teeth selected for this study had anatomical diameter corresponding to a size 20 K file, with the aim of standardizing the diameter of the apical stop in the samples (14) .
In agreement with previous results (15), the present study showed that, in general, the percentage of gutta-percha-filled area decreased at the apical level. Better results in the gutta-percha filled area at the apical level could be expected by increasing the apical diameter of root canal preparation (12, 16) . At the coronal and middle level of the canal, the adaptation of the filling material was found to be easier because of the ability of finger spreader and compactors to access this area.
The GuttaFlow technique showed a higher percentage of voids and volume of sealer in comparison to the other groups especially at the middle and coronal thirds. This fact may be explained by the use of a single cone to fill the root canals based on manufacturer instructions, with the consequent absence of compaction of the material against the root canal walls. This study showed that the probability to form gaps increases when the single cone technique is used, as shown by Hammad et al. (17) . Thus, the use of accessory points should be recommended for filling the middle and coronal thirds when using GuttaFlow technique.
As shown by previous studies, there is a relationship between the presence of voids and the filling technique used (11, 18, 19) . In general, thermoplastification techniques, such as MicroSeal and Tagger's hybrid, show a higher percentage of guttapercha than GuttaFlow and lateral compaction techniques at the coronal and middle thirds. In this study, the lateral compaction group showed lower gutta-percha filled area in comparison to the results found by Souza et al. (2), in which the canals were instrumented until the diameter of a 50 K file. Probably, the difference in these results can be related to the variation in the apical enlargement. By using the lateral compaction technique, the inner surface of the prepared root canal cannot be replicated and is usually filled by the sealer at the middle and cervical thirds.
In conclusion, the evaluated root canal filling techniques showed similar gutta-percha and sealer areas in the apical third. MicroSeal and Tagger hybrid techniques resulted in the greatest performance in the middle and cervical thirds, considering that minimal sealer and increased guttapercha area are high-quality measures. GuttaFlow group, on the other hand, showed an excessive presence of voids at the same levels. . Em geral foi observado um significante decréscimo na área de guta-percha e um aumento na área de cimento para todas as técnicas analisadas (p<0,05). Com relação à presença de espaços vazios, não houve diferença estatística entre as técnicas (p>0,05). As técnicas MS e TH apresentaram área de guta-percha maior que as técnicas LC e GF nos terços médio e cervical (p<0,05). Após análise dos resultados foi possível concluir que a área de guta-percha nas obturações diminui em sentido apical, independente da técnica utilizada.
